Biomechanical properties and morphological features of the rat molar periodontal ligament were examined after treatment with various concentrations of bacterial collagenase. Treatment with collagenase caused dose-dependent decreases in the maximum shear stress, maximum shear strain , tangent modulus, and failure strain energy density of the periodontal ligament. Light microscopic analysis after mechanical testing revealed that in controls, the periodontal ligament ruptured in the middle region or near the bone surface , while in the collagenase-treated specimens, it ruptured at the region adjacent to the cementum surface .
Introduction
The most apparent role of the periodontal ligament is to support the tooth during function and to resist external forces applied to the tooth1). This role seems closely related to the biomechanical properties of the ligament2,3). The periodontal ligament consists mainly of collagenous fibres (with a few oxytalan fibres) and an interfibrillar matrix1,4). Twenty-four male Wistar rats, 5 weeks of age, were fed a powdered diet and given water ad libitum for 7-9 days. The animals were killed by ether overdose at 6 weeks of age. The right and left mandibles were immediately dissected free and adhering soft tissues were removed. From each mandible, a transverse section of the mandibular first molar, with its surrounding periodontal ligament and alveolar bone, was cut through an axis perpendicular to the long axis of the mesial root at the middle part of the root14), using a low-speed bone saw (Isomet, Buehler, IL, USA). The
Radiographs of the transverse sections were taken with a soft-X-ray apparatus (Type EMB, Softex, Japan). The radiographic images were processed in an image analyzer (Luzex 3U, Nikon, Japan). We measured the perimeters of the mesial root and socket wall, and the sectional area of the periodontal ligament. The area of the periodontal ligament facing the root cementum was calculated as the thickness of the The maximum shear strains also decreased signifi-1) Sites of rupture in the periodontal ligament: Figure 4 shows transverse sections of separated socket bones and mesial roots after mechanical testing. In the control specimens treated with PBS ( Fig .   4a, b) , the periodontal ligament was sheared between the bone and cementum surfaces, and the free surfaces of the ligament were rough and irregular. In contrast, in the specimens treated with 24units/ml of collagenase solution (Fig. 4c, d) , most of the ligament remained on the bone side, and there was little adhered to the cementum surface. The ratios of ligament scanning electron micrographs of sheared surfaces of the periodontal ligament adhering to the separated mesial roots after mechanical testing. In the control specimen treated with PBS ( Fig. 5a ), the surface of the sheared ligament was irregular and rough, and thick bundles appeared as tightly packed collagen fibrils. In the specimen treated with 24units/ml of collagenase solution (Fig. 5b) , periodontal cells were exposed, and only a small amount of thin fibrous material was observed around the cells.
3) Toluidine blue staining: Figure 6 shows specimen treated with PBS (Fig. 1a) , birefringent collagen fibre bundles were observed running obliquely across the ligament between the alveolar bones and the cementum surface. Fibre bundles adjacent to the cementum and bone surfaces, and Sharpey's fibres embedded in the alveolar bones appeared to be thick with more intense birefringence.
In the specimen treated with 24units/ml of collagenase solution (Fig.   1b) , birefringent collagen fibres appeared to be very thin with less intense birefringence. Figure 7 shows phase retardation of collagens across the periodontal ligament from the cementum surface towards the alveolar bones in 6 successive rectangular areas (Fig.   1a, b) . Retardation values varied across the ligament in the control specimens treated with PBS (ANOVA, p<0.001). The areas neighbouring the cementum 
